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1
$V=M(\vec{n})(\kappa_{\gamma}+\sigma)$ $(\Gamma_{t}$ $)$ (1.1)
$V$ ( ) $\vec{n}$
$M$ $\vec{n}$





$div_{\Gamma}$ ( ) $\sigma=\sigma(x, t)$ $d\mathcal{H}^{n-1}$
$\nabla_{p}$ $p\in R^{n}$ ( )
$\gamma$
Frank $\gamma=\{p\in R^{n}|\gamma(p)\leq 1\}$
$*$
(S) 21224001, (A) 24234015






















$n$ $R^{n}$ $\Omega$ $u=u(x, t)$ $\Gamma_{t}$
$\Gamma_{t}=\{(x, x_{n+1})|x\in\Omega, x_{n+1}=u(x, t)\}$ .
$\vec{n}$
$\vec{n}=(-\nabla u, 1)/\sqrt{1+|\nabla u|^{2}}$
$\nabla u$ $ $ $R^{n}$ $\vec{n}$ $V$
$(0, u_{t})$
$V=u_{t}/\sqrt{1+|\nabla u|^{2}}$





$W(q)=\gamma(-q, 1) , q\in R^{n}$
$\kappa_{\gamma}=di_{V}((\nabla_{q}W)(\nabla u))$
(1.1) $u$
$u_{t}=\sqrt{1+|\nabla u|^{2}}m(\nabla u)[div(\nabla_{q}W)(\nabla u)+\sigma]$ (2.1)
$m(q)=M((-q, 1)/\sqrt{1+|q|^{2}})$
$\gamma_{0}$ $M$ $(=1)$ $\sigma$ $W(q)=\sqrt{1+|q|^{2}}$
(2.1)
$u_{t}= \sqrt{1+|\nabla u|^{2}}div(\frac{\nabla u}{\sqrt{1+|\nabla u|^{2}}})$
$\gamma(p)=|q|+|p_{n+1}|,$ $q=(p_{1}, \ldots,p_{n})$ Frank $p_{n+1}=0$
$p_{n+1}>0$ $W(q)=|q|+1$ (2.1)
$u_{t}=m(\nabla u)\sqrt{1+|\nabla u|^{2}}(di_{V}(\nabla u/|\nabla u|)+\sigma)$ (2.2)
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$m(q)\sqrt{1+q^{2}}$ $\sigma=0$





$u_{t}=\sqrt{1+|\nabla u|^{2}}(di_{V}(\nabla u/|\nabla u|)+\sigma)$ (2.4)
1 $\sigma$




$\Gamma_{t}$ $R^{n+1}$ $w(z, t)$ $0$- (1.1)
$w$ $\Gamma_{t}$ $w>0$ , $w<0$
$\vec{n}$ $\vec{n}=-Dw/|Dw|$ $D$










$div(\nabla u/|\nabla u|)$ 1 (2.3)
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$u_{t}=$ $($ sgn $u_{x})_{x}$ (2.6)
$\alpha\in(0,1)$ $u_{0}(x)= \max(\min(\cos x, \alpha), -\alpha)$
















$u_{t}+F(u_{x}, \Lambda(u))=0, \Lambda(u)=(W’(u_{x}))_{x}$ (2.7)
$F$
($FO$) ( ) $F:R\cross Rarrow R$
(Fl) ( ) $\xi\leq\eta$ $F(q, \eta)\leq F(q, \xi)$ $q$
A $W$
($WO$) ( ) $W$ $Rarrow R$
(Wl) ( ) $R$ $P$ $W$ $P$ $C^{2}$ $P$ $W’$
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(W2) (2 ) $\sup_{K\backslash P}W"<\infty$
(2.1) $m$






2.1 ( ) [GG98] $u$ : $Qarrow R\cup\{-\infty\}$ (2.7)
$v$ : $Qarrow R\cup\{+\infty\}$ (2.7) $Q=T\cross[O, T)$
$u\leq v$ $t=0$ $Q$ $u\leq v$
2.2 ( ) [GG98] $u_{0}\in C(T)$ (2.7) $u\in$
$C(T\cross[O, \infty))$ ( )
(2.7) $W$






(F2) $L$ $|F(q, \xi)-F(q, \eta)|\leq L|\xi-\eta|$ $X,$ $Y,$ $q\in R$
2011
$\Lambda^{\sigma}$ $[GG98a].$
2.3 [GGR] ( $FO$), (Fl), ( $WO$), (Wl), (W2) (F2) $\sigma,$ $\sigma_{x}\in$
$C(T\cross[O, \infty))$ (2.8)
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2.4 [GGN] 2.3 $u_{0}\in C(T)$ (2.8)
$u\in C(T\cross[O, \infty))$ ( )
([GO6] ).
$\sigma$ $W(q)=|q|$
$u_{t}+F(\nabla u, \Lambda(u))=0, A(u)=div(\nabla u/|\nabla u|)$ (2.9)
( $FO$), (Fl) ( 1 $n$ ) (2.4)
$n$
$T^{n}$
2.5 [GGP] $n\geq 1$ (Fl), (F2) (2.9)
2.6 [GGP] 2.5 $u_{0}\in C(T^{n})$ (2.9)
$u_{0}\in C(T^{n}\cross[0, \infty))$








$H$ $\langle,$ $\rangle$ $E$ $H$ $RU\{+\infty\}$
$E\not\equiv\infty$ $E$
$\partial E(u)(u\in H)$
$\partial E(u)=\{f\in H|E(u+h)-E(u)\geq\langle f,$ $h\rangle$ $h\in H$ $\}$
63
$\partial E(u)$ $H$ $\partial E(u)\neq\emptyset$
$u$ $\partial E$ $D(\partial E)$ $\partial E$ $E$
$\frac{du}{dt}\in-\partial E(u) , u|_{t=0}=u_{0}$ (3.1)
$\in$ $\partial E$
[Ko] Brezis[B]
$u_{0}\in H$ (3.1) $H$
$[\delta, T],$ $(T>\delta>0)$ $u$ $u$
$t$
$\frac{d^{+}u}{dt}=-\partial^{0}E(u)$
$t>0$ $\partial^{0}E$ $E$ $\partial E(u)$
$\partial^{0}E(u)=$ arg min $\{\Vert f\Vert|f\in\partial E(u)\}$




$f\in H$ $a>0$ $=$
$(I+a\partial E)^{-1}f$ $f$ $f_{a}$ $f$ $a\downarrow 0$ $H$




$]$ . (3.1) Euler
$u^{m+1}-u^{m}\in-a\partial E(u^{m+1}), m\geq 0, u^{0}=u_{0}$
( $a$ ) 3.1
3.3
$\Omega$ $R^{n}$ $H=L^{2}(\Omega)$
$E_{1}(u)=\{\begin{array}{ll}\int_{\Omega}|\nabla u|, u\in BV(\Omega)\cap L^{2}(\Omega)\infty, u\in L^{2}(\Omega)\backslash BV(\Omega)\end{array}$
$BV(\Omega)$ $\Omega$
$E=E_{1},$ $H=L^{2}(\Omega)$ 3.1 3.2
$L^{2}(\Omega)$
$\langle f,$ $g \rangle=\int_{\Omega}$ fgdx
(3.1)?
$\{\begin{array}{ll}u_{t}=div(\nabla u/|\nabla u|) ( \Omega\cross (0, oo))\frac{\partial u}{\partial\nu_{\partial\Omega}}=0 ( \partial\Omega\cross(0, \infty)) , u|_{t=0}=u_{0}\end{array}$
$E_{1}$ [ACM, Lemma 2.4]
$\partial E_{1}(u)=\{w=-divZ\in L^{2}(\Omega)|\Omega$ $x$
$z(x)\in\partial M(\nabla u(x))$ $\partial\Omega$ $z\cdot\nu_{\partial\Omega}=0\}$
$\nu_{\partial\Omega}$
$\Omega$ $M(p)=|p|,$ $p\in R^{n}$ (
$z\cdot v_{\partial\Omega}$
$H^{-1/2}$ ) $M$ $R^{n}$ $R^{n}$
$\partial M(p)=\{\begin{array}{ll}\overline{B_{1}(0)}, p=0\{p/|p|\}, p\neq 0\end{array}$









Cahn-Hoffman )$\triangleright$ $z$ $z=\nabla\psi(x)/|\nabla\psi(x)|$ $\psi$ $\Omega_{-}$
$z\cdot v_{\partial\Omega_{-}}=-1$ $-\partial^{0}E(\psi)$
$-\partial^{0}E(\psi)=\{\begin{array}{ll}divz_{0} in \Omega_{-} div(\nabla\psi/|\nabla\psi|) in \Omega\backslash \overline{\Omega_{-}}\end{array}$
( $\psi$ $\partial\psi/\partial\nu_{\partial\Omega}=0$ $\psi\in D(\partial E)$ ) $divz_{0}$
$\int_{\Omega-}|divz|^{2}dx$
( ) $z\cdot\nu_{\partial\Omega_{-}}=-1$ $(\partial\Omega$ $)$
( ) $|z|\leq 1$ ( $\Omega$ )
$z_{0}$ ( ) $divz_{0}$
$n\geq 2$
$\nabla divz_{0}=0$ $divz_{0}$











3.2 $\Omega_{+},$ $\Omega_{-}\subset T^{n}$ $C^{2}$ 1 $\Omega_{+}\subset\Omega_{-}(\Omega_{+}\not\equiv\Omega_{-})$ , dist $(\partial\Omega_{-}, \partial\Omega_{+})>$
$0$ $(\Omega_{-}, \Omega_{+})$ $\psi\in$ Lip $(T^{n})$
$\psi(x)=\{\begin{array}{l}>0 ( \Omega_{+})=0 (D=\overline{\Omega_{-}}\backslash \Omega_{+} )<0 ( \Omega_{-})\end{array}$
$\psi$ $(\Omega_{-}, \Omega_{+})$ (support function)
$D=\overline{\Omega_{-}}\backslash \Omega_{+}$
3.3 $z\in L^{\infty}(D, R^{n})$ $divz\in L^{2}(D)$
( ) $|z|\leq 1$ ( $D$ )
( ) $z\cdot v_{\partial\Omega_{-}}=-1(\partial\Omega-$ $)$ , $z\cdot(-v_{\partial\Omega+})=1$ ( $\partial\Omega+$ )
$z$ Cahn-Hoffman $(divz\in L^{2}$ $z\cdot\nu$
$H^{-1/2}$ [ACM], [FM]. $)$
3.4
$w_{0}=$ arg min $\{\int_{D}|w|^{2}dt|w=divz,$ $z$ Cahn-Hoffman $\}$
( $w_{0}$ )
3.4 $(\Omega_{-}, \Omega_{+})$ $w_{0}$ $\Lambda(\Omega_{-}, \Omega_{+})$
Cahn-Hoffmann
3.5 $(\Omega_{-}, \Omega_{+})$ $\psi$ $D(\partial E_{1})$
$D$ $w_{0}(x)=-\partial^{0}E(\psi)(x)$ $D$ $w_{0}$ $\psi\in$
$D(\partial E_{1})$ ( $E_{1}$ $T^{n}$ )
$\psi$ $D$ $\partial\Omega_{+}$ $-d_{\Omega_{+}},$ $D$ $0,$ $\partial\Omega_{-}$ $-d_{\Omega_{-}}$
$d_{E}$
$d_{E}(x)=$ dist $(x, E)$ –dist $(x, E^{c})$
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1. $\Omega_{-}=B_{R}(O),$ $R>0,$ $\Omega_{+}=\emptyset$ $z=x/R$ Cahn-Hoffman
$w_{0}=n/R$ ( )
2. $\Omega\pm=B_{R\pm}(O),$ $0<R+<R_{-}$ $w_{0}$
1 $z=\nabla\varphi,$ $\varphi$
$\triangle\varphi=\lambda$ $($ $D)$ , $\frac{\partial\varphi}{\partial\nu}=\pm 1(|x|=R\pm$ $)$
Cahn-Hoffman $divz=\lambda$
3.6
$I$ 2 $C^{2}$ $fi,$ $f_{2}$ $I$ $fi\leq f_{2}$ $fi(\hat{x})=f_{2}(\hat{x})$
$f_{1}"(\hat{x})\leq f_{2}"(\hat{x})$
3.6 ( ) $(\Omega_{-}^{i}, \Omega_{+}^{i})$ $i=1,2$ $\Lambda^{i}=\Lambda(\Omega^{\underline{i}}, \Omega_{+}^{i})$
$\Omega_{-}^{1}\subset\Omega_{-}^{2}$ $\subset\Omega_{+}^{2}$ $D^{1}\cap D^{2}$ $\Lambda^{1}\leq\Lambda^{2}$
[GGM] 3.1
(
[CC3] $)$ $fi\leq f_{2}$ $f_{a}^{1}\leq f_{a}^{2}$ $(a.e. T^{n})$
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$f^{i}\in D(\partial E)$ $(\Omega_{-}^{i}, \Omega_{+}^{i})$
$f^{1}\leq f^{2}(T^{n}$ $)$ $f^{1}=f^{2}=0$ $($ $D^{1}\cap D^{2})$
3.1
$(f_{a}^{i}-f^{i})/aarrow-\partial^{0}E(f^{i})$ ( $L^{2}$ )
$a_{k}arrow 0$ $karrow\infty$
$(f_{a_{k}}^{i}$ – $f^{i})/a_{k}arrow-\partial^{0}E(f^{i})$ ( $T^{n}$ )









(i) $(\hat{x},\hat{t})\in T^{n}\cross(0, \infty)$ $n+1$ $\varphi$ ( )





(ii) $u$ $T^{n}\cross[0, \infty)$ $(\hat{x},\hat{t})$
$\varphi$
$u$ $\eta>0$ $\varphi$ $(\hat{x} h,\hat{t})$
$u(x-h, t)-\varphi(x, t)\leq u(\hat{x},\hat{t})-\varphi(\hat{x},\hat{t})$
69





4.2 ( ) $u$ $T^{n}\cross[0, T]$ $+\infty$
(i), (ii) $u$ $T^{n}\cross(0, T)$ (2.9)
(i) $(\hat{x},\hat{t})\in T^{n}\cross(0, T)$ $\varphi$ $u$ $\eta$
$\varphi_{t}(\hat{x},\hat{t})+F(0, ess\inf_{B_{\delta}(\hat{x})}\Lambda(\Omega_{-}, \Omega_{+}))\leq 0$
$\delta\in(0, \eta)$ $(\Omega_{-}, \Omega_{+})$ $\varphi(\cdot,\hat{t})$
(ii) $(\hat{x},\hat{t})\in T^{n}\cross(0, T)$ $U$ $\varphi$








$t=0$ $u\leq v$ $t\in(0, T)$ $u>v$
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[G06] $\zeta\in R^{n}$
$\Phi_{\zeta}(x, t, y, s):=u(x, t)-v(y, s)-\Psi_{\zeta}(x, t, y, s)$













4.3 [GGP] $\zeta$ $\Phi_{\zeta}$ $(x_{\zeta}, t_{\zeta}, y_{\zeta}, s_{\zeta})$ $\Psi_{\zeta}$
$\hat{x}=x_{0},\hat{t}=t_{0},\hat{s}=s_{0}$ $(y_{0}=x_{0}$ $)$ $T^{n}$ $U$ $V$
$U=\{x|u(x,\hat{t})\geq u(\hat{x},\hat{t})\}, V=\{y|v(y,\hat{s})\leq v(\hat{x},\hat{s})\}$
$U^{\lambda}\}V^{\lambda}$ $\lambda$- $\lambda>0$
$u(x, t)\leq u(\hat{x},\hat{t})+S(t,\hat{s})-S(\hat{t},\hat{s}) , x\in V^{\lambda}$
$v(y, s)\geq v(\hat{x},\hat{s})+S(\hat{t},\hat{s})-S(\hat{t}, s) , y\in U^{\lambda}$
$t\in(0, T)$
$\zeta$ $u,$ $v$ [CGG] [Go94]
[GG98] [GG98, Lemma 7.5]
4.3 $u,$ $v$
$U$ $V$ $Z=\overline{U\backslash V^{\lambda}},$ $W=\overline{V\backslash U^{\lambda}}$
$(\Omega_{-u}, \Omega_{+u})=(U^{\lambda}, Z)$
$(\Omega_{-v}, \Omega_{+v})=$ (int $(W^{c})$ , int $((V^{\lambda})^{c})$ )
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$U^{\lambda}\subset$ int $(W^{c})$ $Z\subset$ int $((V^{\lambda})^{c})$
3.6 $\hat{x}$
$\Lambda(\Omega_{-u}, \Omega_{+u})\leq\Lambda(\Omega_{-v}, \Omega_{+v})$ $a$ . $e$ . (4.1)
$u$ $v$
$\hat{x}$ $(\Omega_{-u}, \Omega_{+u})$ ,
$(\Omega_{-v}, \Omega_{+v})$ $( S_{t}(t,\hat{s})$ , $-S_{s}(\hat{t}, s)$ ) $\varphi_{u},$ $\varphi_{v}$
4.3
$u$ $v$
$+S_{t}(\hat{t}_{\rangle}\hat{s})+F(0, \Lambda(\Omega_{-u}, \Omega_{+u}))\leq 0$
$-S_{s}(\hat{t},\hat{s})+F(0, \Lambda(\Omega_{-v}, \Omega_{+v}))\geq 0$
$0< \frac{\gamma}{(T-\hat{t})^{2}}+\frac{\gamma}{(T-\hat{s})^{2}}\leq F(0, \Lambda(\Omega_{-v}, \Omega_{+v}))-F(0, \Lambda(\Omega_{-u}, \Omega_{+u}))$





(2.9) $\Lambda(u)$ $\Lambda(u)$ $-\partial E_{1}(u)$
$E_{1}$ $E_{1m}$
$E_{1m}(u)= \int_{T^{n}}W_{m}(\nabla u)dx,$ $W_{m}(p)=(|p|^{2}+m^{-2})^{1/2}+|p|^{2}/m(m=1,2, \ldots)$
$marrow\infty$ $W_{m}(p)$ $W(p)=|p|$
$\Lambda(u)=div(\frac{\nabla u}{|\nabla u|})=d\cdot v[(\nabla_{p}W)(\nabla u)]$
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$u_{t}+F(\nabla u, div[(\nabla_{p}W_{m})(\nabla u)])=0$ (5.1)
(2.9)
$u_{0}\in C(T^{n})$ $u_{m}$
[G06]. $\Vert u_{m}\Vert_{\infty}\leq\Vert u_{0}\Vert_{\infty}$












$div(\nabla_{p}W_{m})(\nabla f_{m})$ $\Lambda(\Omega_{-}, \Omega_{+})$ $f$
$f$
$w+a\partial E_{1}(w)\ni f$ in $T^{n}$ $(a>0)$ (5.2)
$=w$ $E_{1m}$ $E_{1}$ $L^{2}(T^{n})$ Mosco
$w+a\partial E_{1m}(v)\ni f$
$f_{a,m}$ $f_{a}$ $marrow\infty$ $L^{2}(T^{n})$ [A].






$u-\varphi_{a}$ $(x_{a}, t_{a})$ $(\hat{x},\hat{t})$ $aarrow 0$
(
) $\varphi_{a}$ $\varphi_{a,m}=f_{a,m}(x)+g(t)$
$u_{m}-\varphi_{a,m}$ $(x_{a,m}, t_{a,m})$ $f_{a,m}arrow f_{a}(marrow\infty)$
$(x_{a,m}, t_{a,m})$ $\overline{u}-\varphi_{a}$ $(x_{a}, t_{a})$ $u_{m}$
(5.1)
$g’(t_{a,m})+F(\nabla f_{a,m}(x_{a,m}), h_{a,m}(t_{a,m}))\leq 0$
$h_{a,m}=(f_{a,m}-f)/a$ $marrow\infty$
$g’(t_{a})+F(p_{a}, h_{a}(x_{a}))\leq 0$ (5.3)
$p_{a}$ $\nabla f_{a,m}(x_{a,m})$ $marrow\infty$ $h_{a}=(f_{a}-f)/a$
(5.3) $aarrow 0$ $h_{a}$ $aarrow 0$
$a$ $x_{a}$ $f$
$h_{a}(x_{a}) \leq\min\{h_{a}$ : $\hat{x}$ $\overline{B_{\delta}}(:)\}$ $:=\tilde{h}_{a}(\hat{x})$
$\delta$
$a$ $a$ $F$ (Fl)
$g’(t_{a})+F(p_{a},\tilde{h}_{a}(\hat{x}))\leq 0.$
3.1 $h_{a}arrow-\partial^{0}E_{1}(f)$ $L^{2}$
$\varliminf_{aarrow 0^{\frac{m}{B_{\delta}}}}inh_{a}\leq ess\inf_{B_{\delta}(\hat{x})(\hat{x})}(-\partial^{0}E_{1}(f))=ess\inf_{B_{\delta}(\hat{x})}\Lambda(\Omega_{-}, \Omega_{+})$
$aarrow 0$
$g’( \hat{t})+F(\hat{p}, ess\inf_{B_{\delta}(\hat{x})}\Lambda(\Omega_{-}, \Omega_{+}))\leq 0.$
$|\hat{p}|\leq\Vert\nabla f\Vert_{\infty}$ $f$ Lipschitz




$\overline{u}=\lim\sup^{*}u_{m}$ (2.9) $\underline{u}=\lim\inf_{*}u_{m}$ (2.9)
$(\Vert u_{m}\Vert_{\infty}\leq\Vert u_{0}\Vert_{\infty}$ $\overline{u}<\infty,$ $\underline{u}>-\infty$
) $\overline{u}(x, 0)\leq\underline{u}(x, 0)(x\in T^{n})$ $\overline{u}\leq\underline{u}$
$\overline{u}=\underline{u}$ $u_{m}$ $Q$
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